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Abstract 
Urbanization is increasing globally and causing rapid taxonomic and functional changes in biological communities. Its 
effects through time in the same communities have not been addressed properly. Here, we evaluate the temporal changes 
in taxonomic and functional diversity of dung beetles between greenspace (Cerrado stricto sensu) and residential sites in 
an urban landscape in the Brazilian Cerrado. We sampled dung beetles across 3 years (2013–2015) during the rainy season 
in the same sites. We evaluated these temporal changes using Temporal Beta Index and beta diversity partitioning into its 
components of replacement and gain/loss. We expected that residential sites will be taxonomically and functionally poorer 
compared to greenspace sites over the years. We found a general loss of species and abundance-per species from 2013 to 
2015, which was more pronounced in residential sites than greenspace sites, since greenspace sites showed some gain of 
species from 2014 to 2015. Functional richness, functional evenness, and functional divergence did not change over the 
years, but were always lower in residential sites than greenspace sites. Functional β-diversity did not change over the years, 
but was always higher in residential sites than greenspace sites, with similar contribution of functional replacement and 
nestedness-resultant components. We demonstrate that greenspace sites are taxonomically and functionally more stable, 
temporally, than residential sites.
Implications for insect conservation We advocate that public policies aimed at conservation and management of greenspace 
sites are important tools for maintaining dung beetle diversity and their ecosystem functions in urbanized landscapes in the 
Brazilian Cerrado.
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Introduction

Urbanization is spreading throughout the world due to the 
increased human population, causing a rapid anthropogen-
ically-driven environmental change (Merckx et al. 2018). 
This change threatens biodiversity and affects ecosystem 
functioning from local to global scales (Seto et al. 2012). 
For instance, species body size can be driven by urbaniza-
tion effects associated to warming in urban environments 
and urban habitat fragmentation (Merckx et al. 2018). This 
filtering of species may affect the ecosystem functioning, 
since body size is a determinant factor for the structure and 
dynamics of ecological communities (Woodward et al. 2005) 
and an important species trait to determine the performance 
of some ecosystem functions of species (Slade et al. 2007). 
On the other hand, the maintenance of biodiversity in urban 
landscapes is essential for humankind well-fare, through 
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the offering of ecosystem services (Bolund and Hunham-
mar 1999). Therefore, there is a need to develop sustainable 
initiatives for the conservation of biodiversity in urban land-
scapes, such as the maintenance of urban forest fragments 
that can maintain biodiversity within cities (MacGregor-
Fors et al. 2016). Furthermore, we need to evaluate these 
greenspace areas over time to verify their conservation 
effectiveness.

One way to inform about conservation effectiveness is 
unveiling changes of biological communities through time 
via beta diversity metrics (Legendre 2019; Magurran et al. 
2019). Beta diversity is the change in a community feature 
(e.g., composition, structure, trait-based diversity) from one 
site to another or from a time 1 to a time 2. It has been 
widely described via incidence- or abundance-based dis-
similarity indexes based on species identities and species 
abundance (Anderson et al. 2011). New analytical develop-
ments allowed the expansion of beta diversity calculation 
to functional diversity (Villéger et al. 2011, 2013). Also, 
beta diversity can be partitioned into its two main processes: 
replacement (species or traits substitution) and gain/loss 
(increase or decrease of species number or functional space) 
components (Baselga 2012; Villéger et al. 2013). Specifi-
cally in assessments through time, the processes causing 
community changes are directional and can be fully inter-
preted as gain or loss of species (Legendre 2019) or func-
tional traits. The information resulting from in-depth beta 
diversity assessments can be helpful not only to evaluate the 
conservation status of biodiversity through time but also to 
inform decision-makers on suitable management actions to 
be taken.

In Brazil, the Cerrado (a neotropical savanna and bio-
diversity hotspot; Myers et al. 2000; Klink and Machado 
2005) is facing increased land use changes and urbanization 
in recent decades (Brannstrom et al. 2008; Carvalho et al. 
2009). This increased urban development transformed natu-
ral ecosystems into landscapes characterized by greenspace 
areas (e.g., urban parks) mixed with constructed areas (e.g., 
residential sites), varying in terms of size, human occupation 
(McDonald et al. 2008) and connectivity to natural source 
areas (Cheptou et al. 2017). In this sense, different urban-
ized landscape features can affect biological communities 
differently and a better understanding of this phenomenon 
is needed if we want to conserve biodiversity within cities 
(Taylor and Hochuli 2017) to provide the necessary ecosys-
tem services.

Dung beetles (Coleoptera: Scarabaeinae) can be useful 
as study models to evaluate the impact of urbanization on 
biodiversity (Halffter and Favila 1993; Salomão et al. 2019; 
Correa et al. 2021). These insects exhibit wide variation in 
life history strategies that are reflected in easily measure-
able functional traits (Halffter and Edmonds 1982; Hanski 
and Cambefort 1991), such as body size, food relocation 

behavior (e.g.. rollers, tunnelers and dwellers), and trophic 
preference (coprophagous, necrophagous or generalists) 
(Slade et al. 2007; Barragan et al. 2011; Braga et al. 2013; 
Audino et al. 2017). Therefore, they are good models to 
taxonomic and functional diversity studies in order to 
understand the effects of anthropic actions on ecosystem 
processes (Barrágan et al. 2011; Audino et al. 2017; Correa 
et al. 2021).

Urbanization effects have also been evaluated on dung 
beetles (e.g., Jiménez-Ferbans et al. 2008; Radtke et al. 
2008; Korasaki et al. 2013; Ramírez-Restrepo and Halffter 
2016; Salomão et al. 2019; Frizzas et al. 2020). Most of 
urbanization-related studies using dung beetles as study 
models are temporally limited, evaluating spatial patterns 
from a single sampling period (e.g., Salomão et al. 2019) 
or sampling only one urban site (e.g., Radtke et al. 2008; 
Frizzas et al. 2020). A few studies have studied intra-annual 
patterns of taxonomic diversity (e.g., Korasaki et al. 2013; 
Frizzas et al. 2020), but we found none dealing with diver-
sity other than taxonomic (i.e., functional or phylogenetic) 
over more than a year. Therefore, there is a need to under-
stand the temporal effects of urbanization on dung beetles 
using a multifaceted approach of diversity patterns.

Here, we evaluate the temporal changes in taxonomic 
and functional diversity of dung beetles between greenspace 
(Cerrado stricto sensu) and residential sites in an urban land-
scape in the Brazilian Cerrado. To do so, we sampled dung 
beetles across 3 years during the rainy season in the same 
sites. We aimed to answer the following questions: (i) Are 
the changes in taxonomic and functional diversity of dung 
beetle assemblages different in greenspace and residential 
sites over the years? (ii) Are these changes characterized by 
species and trait loss or gain? We hypothesize that residen-
tial sites will be taxonomically and functionally poorer com-
pared to greenspace sites, with increased loss of taxonomic 
and functional diversity over the years.

Material and methods

Study species

Dung beetles, a highly cost-effective bioindicator group 
(Spector 2006; Gardner et al. 2008), are a detritus-feeding 
group of insects highly diverse taxonomically and func-
tionally, which perform some important ecosystem func-
tions, such as nutrient recycling, secondary seed dispersal, 
improvement of soil physico-chemical characteristics that 
enhance plant growth (Nichols et al. 2008).
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Study area

We sampled greenspaces and residential sites in Aqui-
dauana, Mato Grosso do Sul, Brazil (20° 28′ 04″ S, 55° 
47′ 14″ W, 154 m a.s.l.) (Fig. 1). This city has vegetation 
belonging to the Brazilian Cerrado biome. According to 
the Köppen classification, the climate is highly seasonal, 
with dry winter (Aw) and annual precipitation from 1300 to 
1600 mm and an average annual temperature of 24–26 °C 
(Alvares et al. 2013). 

Aquidauana has a population of 47,784 (2.69 inhabitants/
km2) and an area of 17,087.021  km2, represented by both 
urban (28.2%) and rural zones (71.8%) (IBGE 2019). As a 
national trend (Carvalho 2004), there has been an increase 
in the population and urban households in Aquidauana over 
the last decades. From early 1990s to early 2000s, the popu-
lation growth rate increased from 0.5 to 2% (Barros et al. 
2015), resulting in an increase of housing areas (e.g. 16,910 
houses; IBGE 2019). The migration of the population from 
countryside to urban areas has been acknowledged as one of 
the main factors responsible for this increase (Barros et al. 
2015). As a main strategy, the municipal government trans-
formed large areas of native vegetation into housing areas 
to host these migrants, which resulted in small fragments of 
native vegetation in the urban matrix (Souza and Martins 
2010).

In the southern part of the Brazilian Cerrado urbanization 
rates reached ca. 85%, becoming the region that has under-
gone the most urban sprawl in Brazil (Sano et al. 2010). 
With Caatinga and Chaco, the Cerrado is also part of the 
South American ‘dry diagonal’ of open vegetation (Colle-
vatti et al. 2013), harboring high levels of environmental 
heterogeneity, biodiversity and endemic species (Myers et al. 
2000).

Sampling design

We sampled four fragments of Brazilian Cerrado (hereaf-
ter “greenspace sites”) and four residential sites (Fig. 1). 
Greenspace sites harbor plants of two distinct strata: a 
woody layer of trees and large shrubs, such as Lafoensia 
pacari St. Hill, Magonia pubescens St. Hill, and Qualea 
grandiflora Mart., often 3–8 m in height and with canopy 
covering ca. 50–90%, which characterizes the phytophysiog-
nomy of Cerrado sensu stricto; and a ground layer composed 
of grasses, herbs, and small shrubs (Fina and Monteiro 
2013), which harbors typical wild animals of the Cerrado 
biome, such as anteaters, capybaras and peccaries. These 
sites ranged 3–8 ha in size and often suffer extraction of trees 
and deposition of waste materials (e.g. food scraps, glasses, 
plastics and metals) by surrounding households (Souza and 
Martins 2010). Residential sites had their native vegetation 
cut and civil construction took place approximately 12 years 

Fig. 1  Localization of the studied area in Aquidauana, Mato Grosso do Sul, Brazil, highlighting the eight sampled sites in the Brazilian Cerrado
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(Souza and Martins 2010) before the samplings. All greens-
pace sites were inside the urban matrix. The residential sites 
are characterized by residential buildings (housing and com-
mercial sites), unpaved roads with tree-lined streets, mainly 
with large trees, such as Licania tomentosa (Benth) Fritsch 
and Mangifera indica L. People live in and around the sam-
pling sites, which range from 2 to 5 ha in size, with presence 
of domestic cats and dogs.

The distance between all greenspace and residential sites 
was at a minimum of 300 m from each other to insure inde-
pendence among samples (da Silva and Hernández 2015). 
Because three greenspace sites sampled come from one large 
patch, we performed a Mantel test to evaluate the spatial 
autocorrelation between greenspace sites and the dung beetle 
assemblage, using the package “vegan” in the R software (R 
Core Team 2020). We found no clear spatial autocorrelation 
(rho = 0.73; p = 0.12), ensuring a sampling independence 
in our sample design. We considered each site as a repli-
cate (i.e., greenspace sites, N = 4; residential sites, N = 4). 
Despite the spatial limitation of our study, the sample design 
represents the reality of Aquidauana, a small city with a low 
number of native vegetation fragments in its urban matrix, 
which is representative of many other cities in Brazil. Thus, 
we used a combination of repeated samplings in space and 
time (3 years of sampling), aiming to carry out a sampling 
design robust enough to describe dung beetle assemblage 
patterns in our study system.

Dung beetle sampling

Dung beetles were sampled in February of 2013, 2014 
and 2015, the middle of the rainy season (Teodoro et al. 
2015). The rainy season is the period of highest activity and 
diversity of dung beetles in tropical ecosystems (Halffter 
1991) and most suitable to sample dung beetles in Cerrado 
fragments (Puker et al. 2014; Correa et al. 2019). Each site 
received 10 baited pitfall traps (15 cm diameter and 9 cm 
height) installed across a linear transect (180 m) located 
ca. 50 m from the edge (in greenspace sites). Traps were 
20 m apart and contained 250 ml of a 1.5% liquid detergent 
solution. Traps were alternately baited with carrion (40 g 
of decaying beef) and human feces (40 g), placed in plastic 
containers (50 ml) at the center of each trap using a wire. 
Two types of baits were used to ensure an accurate repre-
sentation of the local dung beetle functional and trophic 
groups (Correa et al. 2016). Besides, these baits consider 
the two main trophic groups of Neotropical Scarabaeinae: 
coprophagy and necrophagy (Halffter and Matthews 1966). 
Plastic lids supported by three wooden sticks (25 cm) were 
used to cover the traps, in order to reduce bait desiccation 
and trap overflow caused by rainfall. Traps remained in the 
field for 48 h per sampling year. The total sampling effort 
was represented by 240 pitfall traps (i.e., 80 traps/year), with 

120 pitfall traps installed in greenspace sites and 120 pitfall 
traps in residential sites.

After sampling, dung beetles were sorted, counted and 
identified at genus level using dichotomous key (Vaz-de-
Mello et al. 2011) and then sent to the Universidade Fed-
eral de Mato Grosso (UFMT, Cuiabá, Mato Grosso, Brazil) 
where they were identified at species level by an expert (Dr. 
Fernando Z. Vaz-de-Mello) and deposited.

Functional traits

We used three functional traits that are related to the ecologi-
cal functions performed by dung beetles to calculate func-
tional metrics (Table S1): body size, food relocation behav-
ior, and trophic preference (Slade et al. 2007; Barragan et al. 
2011; Braga et al. 2013; Audino et al. 2017). We measured 
body size (clypeus to the pygidium) using a digital caliper. 
Twenty individuals per species were randomly selected as 
a sample. For species with < 20 individuals, all individuals 
available were measured. Dung beetle body size is highly 
correlated with biomass (Lobo 1993), which can determine 
the performance of ecological functions (Slade et al. 2007). 
We assigned food relocation behavior following the litera-
ture (Halffter and Edmonds 1982; Hanski and Cambefort 
1991). The species were categorized as rollers (species that 
form balls from the food resource, roll them horizontally 
and bury them), tunnellers (species that construct tunnels 
below or beneath the food resource and bury food into the 
bottom of these galleries), and dwellers (species that feed 
and nest within the food resource). The trophic preference 
was assigned to species according to the proportion of indi-
viduals attracted to certain bait. A species was categorized 
as coprophagous or necrophagous when its abundance 
was ≥ 80% in one baited trap (human feces or carrion). Spe-
cies that did not follow this criterion was considered trophic 
generalist (Halffter and Arellano 2002).

Data analysis

Since we had repeated samplings through time, we first 
tested for the interaction between space (S; sites) and time 
(T; years). A significant S × T interaction can indicate that 
the spatial structure of the community composition data has 
changed through time, and conversely, that the temporal 
changes differed significantly among sites (Legendre and 
Condit 2019). We tested the space–time interaction on mul-
tivariate data (Legendre et al. 2010) using the function “sti-
models” of the R package “adespatial” (Dray et al. 2020). 
We used a Hellinger-transformation on community data 
before the analysis (Legendre and Gallagher 2001).

After, the dissimilarity in community composition was 
measured for each greenspace and residential site between 
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T1 and T2 (i.e., between 2013 and 2014, 2014 and 2015, 
2013 and 2015). We used the percentage difference (% dif-
ference; or Bray–Curtis coefficient) for abundance data to 
calculate the temporal changes of community composition 
data (Legendre 2019). For comparisons through time, this 
dissimilarity coefficient is called Temporal Beta Indices 
(TBI) (Legendre 2019). The ‘% difference’ index allows the 
calculation of both gains and losses of individuals-per-spe-
cies and species. When comparing data from a site at T1 and 
T2, this index is composed of two parts: B = abundance-per-
species (Bray–Curtis) losses and C = abundance-per-species 
gains (Legendre and Condit 2019). B is the sum of abun-
dances that are higher in T1 than in T2 for all species, while 
C is the sum of abundances that are higher in T2 than in T1 
for all species. B and C are then scaled dividing them by 
“(2A + B + C)”, where A is the sum of abundances of species 
that are common at both times. The B and C components 
are tested for significance via 9999 permutations (Legendre 
2019). The B and C statistics were used to produce B–C 
plots, with B (losses per site) in the abscissa and C (gains per 
site) in the ordinate (Legendre 2019). B–C plots display vis-
ually the relative importance of the species and abundance-
per-species losses and gains in a study region (Legendre 
and Condit 2019). The mean of the differences between the 
B and C statistics is computed across all sites using a paired 
t-test implemented in the “TBI” and “plot.TBI” functions, 
available in the R package “adespatial” (Dray et al. 2020). 
We also evaluated individual demographic changes between 
times using paired t-tests (Legendre and Condit 2019), using 
9999 random permutations of the values. A Holm correc-
tion for multiple testing was applied to the computed p-val-
ues. The calculations were carried out using the function 
“tpaired.krandtest” of the R package “adespatial” (Dray et al. 
2020).

Based on dung beetle traits (Table S1), we calculated 
“trait distances” among species using the Gower coefficient, 
which is adequate for a set of continuous and categorical 
traits (Podani 1999). We used the function “gowdis” from 
the R package “FD” for this (Laliberté et al. 2014). After, 
we ran a principal coordinates analysis (PCoA) based on 
the Gower distances to obtain trait vectors for subsequent 
analyses. We used the function “cmdscale” from the R 
package “stats” for this (R Core Team 2020). These trait 
vectors are continuous and uncorrelated variables that were 
used to describe trait differences among species (da Silva 
et al. 2018). The number of PCoA axes was selected based 
on the quality of the functional space, quantified by the 
mean squared-deviation index (mSD) (Maire et al. 2015). 
Based on this index, the first three PCoA axes were kept, 
since they provided a high-quality functional space (i.e., 

mSD < 0.0068) for functional diversity calculations when 
compared to low and high numbers of axes. To estimate 
the functional diversity, we used the selected PCoA axes to 
calculate its three primary components: functional richness, 
functional evenness, and functional divergence (Villéger 
et al. 2008). Functional richness represents the multidi-
mensional volume of the functional space occupied by all 
species traits in an assemblage; functional evenness refers 
to the regularity of the distribution of abundance in this 
multidimensional volume; functional divergence quantifies 
how the species abundance is distributed within the multi-
dimensional volume (Villéger et al. 2008). The use of this 
set of metrics provides a meaningful framework for a bet-
ter quantification of the functional diversity of communities 
(Villéger et al. 2008).

We also evaluated patterns of temporal variation in dung 
beetle functional diversity by using the β-diversity partition-
ing method (Baselga 2010; Legendre 2014). The functional 
diversity among two or more assemblages is equal to the 
ratio between the functional richness not shared among 
these assemblages relative to the total functional richness 
occupied by all assemblages together (Villéger et al. 2013). 
Therefore, the functional diversity is based on the volume of 
convex hull intersections between assemblages in a multidi-
mensional functional space, and it can be partitioned into its 
functional replacement and functional nestedness-resultant 
components (Villéger et al. 2013). The Sorensen dissimi-
larity coefficient was calculated and used as a measure of 
functional β-diversity and partitioned into its replacement 
and nestedness-related components (Baselga 2010, 2012). 
Functional replacement means that assemblages host differ-
ent functional strategies, while functional nestedness means 
that one assemblage hosts a small subset of the functional 
strategies present in another assemblage (Villéger et al. 
2013). β-diversity partitioning of trait-based diversity was 
carried out using the R package “betapart” and the function 
“functional.beta.multi” (Baselga and Orme 2012).

We used Generalized Linear Models (GLMs) to test 
for differences in taxonomic (abundance and species rich-
ness) and functional metrics (FRic, FEve, FDiv, functional 
Sorensen dissimilarity and its components of replacement 
and gain/loss) across habitats (greenspace and residential), 
years (2013, 2014, 2015) and their interaction. We used 
the Poisson error distribution corrected for overdispersion 
(quasi-Poisson) for species richness and abundance, and 
the binomial error distribution corrected for overdispersion 
(quasi-binomial) for functional metrics (with range 0–1). We 
checked the error distribution for each model to find the best 
one by analyzing its residuals (Crawley 2013). All analyses 
were carried out in R (R Core Team 2020).
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Results

We sampled 1573 individuals of 20 species and 13 genera of 
dung beetles in total, being 1313 individuals of 20 species in 
greenspace sites and 560 individuals of 17 species in resi-
dential sites (Table 1). Over the years, greenspace sites had 
always more species and individuals than residential sites 
(Table 1, Fig. 2a, b). However, species richness had a clear 
decrease from 2013 to 2015, mainly in residential sites. In 
average, the difference in species richness from greenspace 
to residential sites increased from 1.47 in 2013 to 2.50 times 
in 2015.

Type of habitat also determined the metrics of functional 
richness, functional evenness and functional divergence, 
with no effect of year and interaction of habitat and year 
(Table 2, Fig. 2c–e). Functional richness of dung beetles in 
greenspace sites was 1.95 times higher in 2013, 2.60 times 
higher in 2014, and 3.58 times higher in 2015 than resi-
dential sites on average. Differently from species richness, 
functional richness did not decrease in both habitats from 
2013 to 2015. Functional evenness was 1.30, 1.31, and 1.59 
times higher in greenspace sites than residential sites from 
2013 to 2015. For functional divergence, greenspace sites 

had average values 1.47, 1.19, and 1.04 times higher than 
residential sites.

We found a significant space–time interaction for the 
whole set sites  (R2 = 0.164; F = 2.166; p = 0.008). This 
interaction means that the spatial structure of the multivari-
ate data (species abundance data) has changed significantly 
between the years sampled. TBI values ranged between 
0.624 (2013) and 0.719 (2014) among greenspace sites 
over the years, and between 0.506 (2014) and 0.610 (2013) 
for residential sites. The mean of the differences between 
loss (B) and gain (C) from 2013 to 2014 was negative, indi-
cating dominance of species loss across all sites (Paired 
t-test = − 4.069, p = 0.014,  mean(C–B) = − 0.461). Only one 
residential has no loss or gain in this period. In the B–C 
plot, the green line (B = C) is above the red line (centroid 
of points), indicating that loss of species dominated the 
changes in the entire landscape (Fig. 3a). Coprophanaeus 
cyanescens, Dichotomius bos, Ontherus appendiculatus, and 
Trichillum externepunctatum showed significant decreases 
in abundance or disappeared from 2013 to 2014 (Table 3). 
Between 2014 and 2015, the mean of the differences between 
loss (B) and gain (C) was positive, suggesting dominance of 
species gains across all sites (Fig. 3b). However, this general 

Table 1  Species of dung beetles 
sampled in 3 years (2013–2015) 
in greenspace and residential 
sites in an urban landscape in 
the Brazilian Cerrado.

T total

Species Greenspace Residential T

2013 2014 2015 T 2013 2014 2015 T

Ateuchus sp. 2 2 2
Canthidium aff. angulicolle 41 30 33 104 101 36 30 167 271
Canthidium aff. barbacenicum 23 39 161 223 139 26 70 235 458
Canthidium sp. 3 5 8 4 3 7 15
Canthon aff. virens 2 2 6 6 8
Canthon mutabilis 1 2 3 2 1 3 6
Coprophanaeus cyanescens 9 3 1 13 4 4 17
Coprophanaeus ensifer 19 1 20 2 3 5 25
Deltochilum aff. komareki 25 6 7 38 1 1 39
Dichotomius bos 57 3 5 65 5 5 70
Dichotomius glaucus 4 3 1 8 8
Dichotomius nisus 8 8 4 20 11 11 7 29 49
Dichotomius opacipennis 15 27 32 74 19 11 6 36 110
Eurysternus nigrovirens 2 1 10 13 2 2 15
Genieridium bidens 7 3 10 10
Malagoniella puncticollis 62 87 43 192 18 10 13 41 233
Ontherus appendiculatus 35 2 6 43 3 3 46
Onthophagus hircus 4 1 1 6 5 5 11
Trichillum externepunctatum 146 1 15 162 5 1 3 9 171
Uroxys sp. 2 4 1 7 2 2 9
Richness 18 18 16 20 15 10 7 17 20
Abundance 463 225 325 1013 321 108 131 560 1573



423Journal of Insect Conservation (2021) 25:417–428 

1 3

gain was not significant, since half of the sites showed gain 
or loss (Paired t-test = 0.345, p = 0.739,  mean(C–B) = 0.070). 
Some species, however, had significant decrease or increase; 
Canthidium sp. decreased in abundance or disappeared from 
2014 to 2015, while Trichillum externepunctatum increased 
in abundance in this period (Table 1). When comparing 2013 
to 2015, we also found a significant general loss of species 
(Paired t-test = − 2.569, p = 0.048,  mean(C–B) = − 0.338), 
with one greenspace site showing some gain (Fig.  3c). 
Coprophanaeus cyanescens, Coprophanaeus ensifer, 
Dichotomius bos, Ontherus appendiculatus, and Trichillum 
externepunctatum showed decreased abundance or disap-
peared from 2013 to 2015 (Table 3).

Regarding functional beta diversity, type of habitat was 
also determinant in driving dung beetle functional beta 
diversity, i.e. Sorensen dissimilarity based on multidi-
mensional volume of species traits (Table 4). Residential 
sites always had higher values of functional Sorensen dis-
similarity than greenspace sites (Fig. 4), ranging from 1.69 
(2014–2015) to 2.19 (2013–2014) times higher in residen-
tial sites than greenspace sites. The functional beta diversity 
components of replacement and nestedness were not affected 
by habitat type, year or their interaction (Table 4).

Discussion

In this study, we evaluated the changes over the years in 
taxonomic and functional diversity of dung beetles between 
greenspace and residential sites in an urban landscape in a 
threatened biome, the Brazilian Cerrado. We hypothesized 
that residential sites will be taxonomically and function-
ally poorer compared to greenspace sites over the years, 
and our hypotheses were confirmed. According to our two 
questions, we found that greenspace and residential sites 
changed differently through time in taxonomic and func-
tional terms regarding dung beetle diversity. We found a 
general loss of species and abundance-per species from 2013 
to 2015, which was more pronounced in residential sites 
than greenspace sites, since greenspace sites showed some 
gain of species from 2014 to 2015. Moreover, functional 
richness, functional evenness, and functional divergence did 
not change between years, but were always lower in residen-
tial sites than greenspace sites. Functional β-diversity did 
not change between years as well, but was always higher in 
residential sites than greenspace sites, with similar contri-
bution of functional replacement and nestedness-resultant 
components. Therefore, greenspace sites are possibly taxo-
nomically and functionally more stable than residential sites 
trough time in the Brazilian Cerrado.

Among our results, the consistent pattern over the years 
of higher functional β-diversity found in residential than 

Fig. 2  Taxonomic (a, b) and functional (c–e) metrics of dung beetles sampled in greenspace and residential sites in an urban landscape in the 
Brazilian Cerrado in 2013, 2014 and 2015. FRic functional richness; FEve functional evenness; FDiv functional divergence
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greenspace sites was the most unexpected. For instance, 
Salomão et al. (2020) found that there is a tendency towards 
a higher taxonomic change of dung beetles in pastures, 
despite the lower richness and abundance, than in forest 
fragments at the Mexican’s Los Tuxtlas Biosphere Reserve, 
which may be due to the unstable conditions and lower 
environmental complexity of pastures compared to forests 
(Filgueiras et al. 2019; Salomão et al. 2020). Here, we also 
found a low taxonomic and functional richness in residen-
tial sites, which resulted in high functional change over 
the years. These high values of functional β-diversity, over 
time, found in residential sites must be taken with caution. 
Undoubtedly, this pattern has emerged because of the spe-
cies- and individual-poor assemblages sampled in these sites 
when compared to greenspace sites. Dominant functional 
groups can maintain a similar functional structure over space 
and time, causing a pattern of low functional β-diversity 
despite being species-rich or more taxonomically dissimilar 
(Villéger et al. 2012). This is the case of greenspace sites, 
where there are high species richness, abundance, functional 
richness, functional evenness, and functional divergence 
but lower changes of the multidimensional functional space 
compared to species- and individuals-poor sites, such as 
residential sites.

Over the years, residential sites also presented a higher 
decline of species richness compared to greenspace sites. In 
2014 and 2015, greenspace sites showed similar average val-
ues of richness and also similar values of observed species 
richness (S = 18, 18, and 16 for the consecutive years). On 
the other hand, both average and observed values of richness 
decreased over the years in residential sites (S = 15, 10, and 
7 for the consecutive years). This implies an increased effect 
of urbanization on residential sites than greenspace sites in 
the urbanized landscape of the Brazilian Cerrado and that 

Table 2  Results of generalized linear models on taxonomic and func-
tional metrics of dung beetles sampled over 3 years (2013–2014–
2015) in greenspace and residential sites (habitats) in an urban land-
scape in the Brazilian Cerrado

We used Poisson distribution corrected for overdispersion (quasi-
Poisson) for species richness and abundance, and binomial distribu-
tion corrected for overdispersion (quasi-binomial) for functional met-
rics (FRic, FEve, FDiv). p-values < 0.05 are in bold
FRic functional richness, FEve functional evenness, FDiv functional 
divergence, Sum Sq sum of squares, df degrees of freedom

Response vari-
able

Predictor vari-
able

Sum Sq df F-value p-value

Richness Habitat 16.072 1 20.272  < 0.001
Year 10.279 1 12.966 0.002
Habitat:Year 2.151 1 2.713 0.115
Residuals 15.856 20

Abundance Habitat 132.320 1 4.606 0.044
Year 103.440 1 3.601 0.072
Habitat:Year 23.750 1 0.827 0.374
Residuals 574.580 20

FRic Habitat 4.796 1 15.937 0.001
Year 0.033 1 0.111 0.743
Habitat:Year 0.220 1 0.731 0.403
Residuals 5.718 19

FEve Habitat 0.558 1 7.755 0.012
Year 0.074 1 1.030 0.323
Habitat:Year 0.041 1 0.571 0.459
Residuals 1.368 19

FDiv Habitat 0.616 1 6.396 0.020
Year 0.020 1 0.212 0.651
Habitat:Year 0.342 1 3.558 0.075
Residuals 1.829 19

Fig. 3  B–C plots comparing dung beetle composition in greenspace 
and residential sites showing the losses (B) and gains (C) computed 
from the abundance data. Green line with slope of 1: line where gain 
equal loss. The red line was drawn parallel to the green line (i.e., 
with slope = 1) and passing through the centroid of the points. Its 

position below the green line indicates that, on average, species loss 
dominated gain from 1 year to another. Circles indicate dominance of 
loss, while squares indicate dominance of gain or equal contribution 
(smaller squares). Circle and square sizes are scaled to their values
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residential sites are less stable. Thus, the residential sites are 
possibly more vulnerable to variations in weather conditions 
from year to year than greenspace sites. The negative effect 
of urbanization has been found for dung beetles in other eco-
system, such as the Brazilian Atlantic Forest. For instance, 
Korasaki et al. (2013) found that urbanization negatively 
affected dung beetle assemblages, decreasing the species 
richness and number of individuals. Salomão et al. (2019) 
found that increasing urbanization negatively affected the 
abundance of coprophagous species, as well as the species 
richness, abundance, and biomass of roller beetles, indicat-
ing that specific functional groups of dung beetles can be 
affected by urbanization differently. These effects have also 
been found for other insect groups, such as Carabidae (Mar-
tinson and Raupp 2013) and Staphylinidae beetles (Nagy 
et al. 2018).

Five species (4 tunnellers and 1 dweller) showed 
decreased abundance or disappeared from 2013 to 2015. 
Coprophanaeus cyanescens and Coprophanaeus ensifer 
are large-bodied tunnelers (> 1 cm). Coprophanaeus cya-
nescens has been recorded in the Brazilian Atlantic forest 
(Edmonds and Zidek 2010) and exotic pastures (Tissiani 
et al. 2017), while C. ensifer is widely distributed in the 
Brazilian Cerrado (Edmonds and Zidek 2010; Maldaner 
et al. 2020). Dichotomius bos and O. appendiculatus are also 
large-bodied tunnelers and T. externepunctatum is a small 
dweller (> 0.5 cm). These three species are widely distrib-
uted in introduced Brazilian pastures (Tissiani et al. 2017). 
Although these five species cited are capable to colonize 
urban ecosystems (e.g. residential and greenspace sites), 
the ecological conditions (e.g. microclimate, food resource 

Table 3  Paired t-tests computed for all dung beetle species sampled 
in an urban landscape in the Brazilian Cerrado in 2013, 2014 and 
2015

Significance was computed comparing abundance in pairwise years 
per species via 9999 permutations to account for multiple testing. 
Status means increase or decrease in abundance between 2013–2014, 
2014–2015, 2013–2015. Results were shown only for those species 
with p-values < 0.05

Period Mean(T1–T2) t-test p-value STATUS

2013–2014
Coprophanaeus cyanescens 1.25 2.758 0.032 Decrease
Dichotomius bos 7.38 2.824 0.003 Decrease
Ontherus appendiculatus 4.50 1.938 0.016 Decrease
Trichillum externepunc-

tatum
18.63 2.263 0.008 Decrease

2014–2015
Canthidium sp. 1.00 2.646 0.030 Decrease
Trichillum externepunc-

tatum
-2.00 -2.646 0.031 Increase

2013–2015
Coprophanaeus cyanescens 1.50 3.550 0.007 Decrease
Coprophanaeus ensifer 2.63 2.900 0.029 Decrease
Dichotomius bos 7.13 2.846 0.004 Decrease
Ontherus appendiculatus 4.00 2.106 0.015 Decrease
Trichillum externepunc-

tatum
16.63 2.114 0.020 Decrease

Table 4  Results of generalized linear models on functional beta 
diversity (Sorensen dissimilarity and its components of replacement 
and nestedness) of dung beetles sampled over 3 years (2013–2014–
2015) in greenspace and residential sites (habitats) in an urban land-
scape in the Brazilian Cerrado

We used binomial distribution corrected for overdispersion (quasi-
binomial) for functional beta diversity metrics. p-values < 0.05 are in 
bold
Sum Sq sum of squares, df degrees of freedom

Response vari-
able

Predictor vari-
able

Sum Sq df F-value p-value

Sorensen Habitat 3.051 1 13.434 0.003
Year 0.234 2 0.515 0.608
Habitat:Year 0.160 2 0.353 0.709
Residuals 3.180 14

Replacement Habitat 1.341 1 3.199 0.095
Year 1.541 2 1.838 0.196
Habitat:Year 1.109 2 1.323 0.298
Residuals 5.868 14

Nestedness Habitat 0.564 1 1.454 0.248
Year 0.783 2 1.011 0.389
Habitat:Year 0.641 2 0.827 0.458
Residuals 5.426 14

Fig. 4  Functional beta diversity (Sorensen dissimilarity) of dung bee-
tles sampled in greenspace and residential sites in an urban landscape 
in the Brazilian Cerrado in 2013, 2014 and 2015
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availability) found in these ecosystems may not be enough 
to support high populations of these species over the time 
(Correa et al. 2021).

Here, we were able to show that the decline of species 
richness and abundance in residential sites has clear effects 
on the functionality of dung beetles in these habitats. The 
two dominant genera found in residential sites were Canth-
idium and Dichotomius, both with two species commonly 
found in open ecosystems or disturbed habitats (Tissiani 
et al. 2017; da Silva et al. 2019). These few species alone 
may not be sufficient to maintain the whole range of ecosys-
tem functions provided by this group, especially in a grow-
ing scenario of species loss, as we found.

Our findings support the claim on the importance of con-
serving greenspace sites in urban cities, because these habi-
tats can provide refuge for biodiversity in an urban matrix 
(Korasaki et al. 2013; Salomão et al. 2019; Correa et al. 
2021). We advocate that public policies aiming to conserve 
and manage greenspace sites are important tools for main-
taining dung beetle diversity and their ecosystem functions 
in urbanized landscapes in the Brazilian Cerrado. As the 
study of dung beetles in urbanized landscapes is at an early 
stage, we highlight the need for broad effort to gather infor-
mation on the responses of this group to urbanization in dif-
ferent scenarios, using a comprehensive approach of diver-
sity measures, including the role of these beetles in urban 
ecosystem functionality (Ramírez-Restrepo and Halffter 
2016).

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10841- 021- 00310-1.
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